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A PACKET FLOW CONTROL APPARATUS AND 
A METHOD FOR CONTROLLING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a packet 
flow control apparatus and a method for controlling the 
flow of packets on a network such as the Internet. 

2. Description of the Related Art 
Recently, in communication systems using 

variable length packets such as the Internet, provision 
of a so-called "quality-guarantee type service", which 
assures the quality so as to avoid a delay at an end- 
to-end connection or a communication band to be always 
occupied, has been examined by IETF (Internet 
Engineering Task Force) and the like. 

In the above-mentioned quality-guarantee type 
service, the information including a flow of sending 
packets, etc., is previously provided in accordance 
with a control unit formed of each packet flow, 
collection of packet flow, a destination of packet, 
etc., in the network of a user side or a sending side. 
Further, various resources provided within the network 
are previously reserved for the above user in a 
receiving side in accordance with the above information 
from the sending side. 

In this case, however, if a packet, which 
does not comply with the above information, is sent 



from the user side or sending side, the resources 
provided within the network are unexpectedly congested 
(i.e.r the resources becomes busy) so that the 
transferring quality from the sending side to the 
5 receiving side may be worse because of congestion of 
the network. Accordingly, when the congestion occurs 
in the network, it is necessary to control packet flow 
so as to be included in a range which was previously 
3-eserved in the user side or sending side network. In 

O 10 a conventional art, a token bucket algorithm is used as 

a sending control function of an IP (internet protocol) 
packet in IETF service, in order to realize the above 

y control of the packet flow. 

S SUMMARY OF THE INVENTION 

- 15 The obiect of the present invention is to provide 

ry an improved packet flow control apparatus and a method 

J;J of the same, used in a network, such as an internet, in 

O which the packet flow control can be realized for each 

control unit by using a small amount of hardware. 
20 In accordance with the present invention, there is 

provided an improved packet flow control apparatus 
performing flow control of packets each having variable 
length, including: a buffer memory for temporarily, 
accumulating arrived packets until the sending time for 
25 each packet; a counter updated based on a rate 
determined in accordance with a packet length 
calculated by a counter value of the counter and 
limited flow of packets; a sending time determining 
section for determining the sending time of each packet 
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based on the counter value and a present time; and a 
sending order control section for managing a sending 
order of each packet accumulated in the buffer memory, 
and for sending a read instruction of each packet to 
5 the buffer memory, based on the sending time determined 
by the sending time determining section. 

As one aspect of the invention, the sending time 
determining section includes a memory for storing 
parameters which can determine a state of change of the 

10 counter value of the counter for each control unit to 
independently control the packet flow; when an input 
packet is written into the buffer memory, the sending 
time determining section obtains the sending time of 
the input packet based on the parameter having the same 

15 control unit as the input packet read out from the 
memory; and the sending time determining section 
updates the parameters having the same control unit in 
the memory based on a newly obtained sending time of 
the input packet, and transfers the newly obtained 

20 sending time of the input packet to the sending order 
control section. 

As another aspect of the invention, the sending 
time determining section includes the memory storing 
parameters which can determine a state of change of the 

25 counter value of the counter for each control unit to 
independently control the packet flow; when an input 
packet is written into the buffer memory, the sending 
time determining section obtains the sending time of 
the input packet based on the parameter having the same 



control unit as the input packet read out from the 
memory; and the sending time determining section 
updates the parameters having the same control unit in 
the memory based on a newly obtained sending time of 
the input packet, and transfers the newly obtained 
sending time of the input packet to the sending order 
control section. 

As still another aspect of the invention, the 
sending time determining section includes the memory 
storing parameters for each control unit to 
independently control the packet flow, which include a 
recovery time to return the counter value at the 
sending time of a pre-packet belonging to the control 
unit to a limit value; when an input packet is written 
into the buffer memory, the sending time determining 
section obtains the sending time of the input packet 
and the recovery time to return the counter value at 
the sending time to the limit value, based on the 
parameters read out from the memory; and the sending 
time determining section updates the parameters having 
the same control unit in the memory based on a newly 
obtained recovery time of the input packet, and 
transfers the newly obtained recovery time of the input 
packet to the sending order control section. 

As still another aspect of the invention, the 
sending time determining section includes the memory 
storing parameters which can determine a state of 
change of the counter value of the counter for each 
control unit to independently control the packet flow; 



when a packet to be sent is read out from the buffer 
memory, the sending time determining section obtains 
the sending time of a next packet to be sent after the 
next time within packets belonging to the control unit 
of the sending packets in the buffer memory, based on 
the parameter having the same control unit as the 
sending packet read out from the memory; and the 
sending time determining section updates the parameters 
having the same control unit in the memory based on a 
newly obtained sending time of a next packet, and 
transfers the newly obtained sending time of the next 
packet to the sending order control section. 

As still another aspect of the invention, the 
sending time determining section includes the memory 
storing parameters for each control unit to 
independently control the packet flow, which include a 
sending time of a packet belonging to the control unit 
and a counter value at the sending time; when a packet 
to be sent is read out from the buffer memory, the 
sending time determining section obtains the sending 
time of a next packet to be sent after next time within 
packets belonging to the control unit of the sending 
packets in the buffer memory and a counter value at the 
sending time, based on the parameter having the same 
control unit as the sending packet read out from the 
memory; and the sending time determining section 
updates the parameters having the same control unit in 
the memory based on a newly obtained sending time of a 
next packet and the counter value at the sending time, 




and transfers the newly obtained sending time of the 
next packet to the sending order control section. 

As still another aspect of the invention, the 
sending time determining section includes the memory 
storing parameters for each control unit to 
independently control the packet flow, which include a 
recovery time to return the counter value at the 
sending time of a packet belonging to the control unit 
to a limit value; when a packet to be sent is read out 
from the buffer memory, the sending time determining 
section obtains the sending time of a next packet to be 
sent after next time within packets belonging to the 
control unit of the sending packets in the buffer 
memory and the recovery time to return a limit value to 
a counter value at the sending time, based on the 
parameter having the same control unit as the sending 
packet read out from the memory; and the sending time 
determining section updates the parameters having the 
same control unit in the memory based on a newly 
obtained recovery time of a next packet, and transfers 
the newly obtained recovery time of the next packet to 
the sending order control section. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Figure 1 is a schematic block diagram of a packet 
flow control apparatus according to an embodiment of 
the present invention; 

Figure 2 is a timing chart for explaining the 
operation of a token bucket counter at sending time 
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calculation in a first (or third) embodiment of the 
present invention; 

Figure 3 is a block diagram of a sending time 
calculating unit in the first (or third) embodiment of 
the present invention; 

Figure 4 is a block diagram of a sending time 
operating circuit in the sending time calculating unit 
in the first (or third) embodiment of the present 
invention; 

Figure 5 is a flowchart for explaining a write 
operation of an arrived packet to a buffer memory in 
the first (or second) embodiment of the present 
invention; 

Figure 6 is a flowchart for explaining a read 
operation of a sending packet from the buffer memory in 
the first (or second) embodiment of the present 
invention; 

Figure 7 is a flowchart for explaining the 
detailed steps of sending time calculating processes in 
the flowchart shown in Fig. 5 in the first (or third) 
embodiment of the present invention; 

Figure 8 is a timing chart for explaining an 
operation of a token bucket counter at sending time 
calculation in a second (or fourth)' embodiment of the 
present invention; 

Figure 9 is a block diagram of a sending time 
calculating unit in the second (or fourth) embodiment 
of the present invention; 

Figure 10 is a block diagram of a sending time 



operating circuit in the sending time calculating unit 

in the second (or fourth) einbodiment of the present 

inventions- 
Figure 11 is a flowchart for explaining the 

detailed steps of sending time calculating processes in 

the flowchart shown in Fig. 5 in the second embodiments- 
Figure 12 is a flowchart for explaining a write 

operation of the arrived packet to the buffer memory in 

the third (or fourth) embodiment of the present 

inventions- 
Figure 13 is a flowchart for explaining a read 

operation of the sending packet from the buffer memory 

in the third (or fourth) embodiment of the present 

inventions- 
Figure 14 is a block diagram of a sending order 

control unit according to an embodiment of the present 

invention; 

Figure 15 is a view for explaining registration of 
pointer link information and adding processes in a 
pointer link memory in the sending order control unit 
in the first embodiment of the present inventions- 
Figure 16 is a view for explaining registration of 
pointer link information and erasing processes at the 
pointer link memory in the sending order control unit 
in the first embodiment of the present inventions- 
Figure 17 is a flowchart for explaining 
registration of the sending time into the pointer link 
memory as the pointer link information in the first 
embodiment of the sending order management in the 



present invention; 

Figure 18 is a flowchart for explaining read 
operation of the pointer link information from the 
pointer link memory in the first embodiment of the 
sending order management in the present invention; 

Figure 19 is a view for explaining a state of link 
of the pointer link in the pointer link memory in the 
second embodiment of the sending order management in 
the present invention; 

Figure 20 is a view for explaining a state of link 
of the pointer link in the pointer link memory in the 
third embodiment of the sending order management in the 
present invention; 

Figure 21 is a view for explaining a state of link 
of the pointer link in the pointer link memory in the 
fourth embodiment of the sending order management in 
the present invention; 

Figure 22 is a view for explaining a state of link 
of the pointer link in the pointer link memory in the 
fifth embodiment of the sending order management in the 
present invention; and 

Figure 23 is a timing chart for explaining a 
counter operation at a read control by a token bucket 
in a conventional art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Before describing the preferred embodiments of the 
present invention, a conventional art and its problem 
will be explained with reference to Figure 23 below* 
Figure 23 is a timing chart for explaining a 
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counter operation at a read control by a token bucket 
in a conventional art. This timing chart shows a 
conventional concept of a flow control function using 
the token bucket for the variable length packet. 

In this flow control function^ arrived data 
packets (below, arrived packets) are sequentially 
accumulated in a buffer memory used as the sending 
control. When a sending time of the packet, which is 
previously determined based on a limited flow R, is 
passed, the packet is sent from the buffer memory to 
the network so that it is possible to control packet 
flow. 

In this case, the sending time of the packet to 
the network is managed by using a token bucket counter. 
That is, a counter value C (byte) of the token bucket 
counter is used as an aimed value in order to permit 
the sending of the packet (a sending permission) . In 
this case, the counter value C is increased up to an 
upper limit value (i.e. maximum value) B/ which is 
defined as the value that can continuously send the 
information, in accordance with the limited flow R 
(byte/sec) . In this case, if there are packets in the 
buffer memory used as the sending control, the bucket 
counter value C is compared with the packet length L. 
When the bucket counter value C is larger than the 
packet length L, it is possible to send the packet by 
limiting the packet flow less than the limited flow R. 
Accordingly, the corresponding packet is sent to the 
receiving side, and the bucket counter value C is 
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subtracted by the packet length L. 

On the other hand, when the bucket counter value C 
is smaller than the packet length L, the packet flow 
may exceed the limited flow R if the packet is sent to 
the receiving side at this timing. In this case, the 
packets are accumulated in the buffer memory until the 
bucket counter value C is equal to or larger than the 
packet length L. Then, when the bucket counter value C 
reaches the packet length L, the corresponding packet 
is read out from the buffer memory and sent to the 
receiving side. 

Concretely, as shown in Fig. 23, packets 1 to 3 
are sequentially sent and accumulated in the buffer 
memory. ^It is assumed that each packet length of the 
packets 1 to 3 is defined as LI, L2 and L3. At the 
time when the arrived packet 1 is written into the 
buffer memory, the bucket counter value C indicates the 
upper value B (the maximum value) , and it can be 
represented by B > LI so that it is possible to send 
the packet 1 based on the limited flow R. Accordingly, 
the packet 1 is read out from the buffer memory and 
sent to the receiving side, the bucket counter value C 
is subtracted by the packet length LI so as to obtain 
C = B - LI. Further, the bucket counter value C is 
increased based on the control rate of the flow R in 
accordance with the elapsed time from the value 
(B - LI) . 

When the bucket counter value C is recovered to 
the packet length L2 of the packet 2 to be sent next. 
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the sending of the packet 2 can be controlled based on 
the limited flow R. Accordingly, at the time when the 
sending of the packet 2 reaches possible state after 
recovered time (in this example, this time is defined 
by the time when the arrived packet 2 is fully written 
into the buffer memory) , the packet 2 is read out from 
the buffer memory and sent to the receiving side. 

On the other hand, in this example, since the 
bucket counter value C is subtracted by the packet 
length L2 at the time when the packet 2 is sent, the 
bucket counter value C is not recovered to the packet 
length L3 at the time when the packet 3 has arrived (at 
the time when the arrived packet 3 is fully written 
into the buffer memory) . In this case, if the packet 3 
is sent at that timing, the packet flow exceeds the 
limited flow R. Accordingly, the sending of the 
packet 3 is waited until the bucket counter value C is 
recovered to the packet length L3 or more, and at the 
recovered time, the packet 3 is read out from the 
buffer memory and sent to the receiving side. 

As a result, even if the packets arrive 
constantly, it is possible to control the packet flow 
to be sent based on the limited flow R. 

In the above conventional art, however, it is 
necessary to provide the token bucket counter for each 
control unit to which the packet belongs. Accordingly, 
there is a problem that, when there are many control 
units, it is also necessary to provide many token 
bucket counters in accordance with the number of 
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control units, so that it is necessary to provide much 

hardware in accordance with the number of the token 

1 

bucket counters. 

Therefore, the present invention aims to realize 
improved packet flow control for each control unit by 
using a reduced amount of hardware. 

Figure 1 is a block diagram of a packet flow 
control apparatus according to an embodiment of the 
present invention. In Fig. 1, reference number 1 is a 
buffer memory for accumulating arrived packets up to 
the corresponding sending time of each packet. In this 
case, the arrived packets are sequentially accumulated 
into the buffer memory 1. When the sending time sT, 
which is calculated for each arrived packet, has 
passed, the corresponding packet is read out from the 
buffer memory, and the read out packet is sent to the 
network. 

Reference number 2 is a sending time calculating 
unit, which holds parameters related to each packet 
belonging to the control unit, for each control unit of 
the arrived packet, and calculates the sending time sT 
of the packet for each control unit based on the 
parameter. 

Reference number 3 is a sending order control 
unit, which manages the sending order of the packets 
accumulated in the buffer memory 1, and instructs 
sending of each packet to the buffer memory 1 in 
accordance with the sending order. That is, the 
sending order control unit 3 determines the packet to 
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be sent or the control unit, based on the information 
including the sending time sT of each packet and the 
control unit thereof. Further, the sending order 
control unit 3 instructs read out and sending of the 
5 packet, which the sending time sT was passed, from the 
packets accumulated in the buffer memory 1. 

Reference number 4 is a clock, which indicates the 
present time T (sec) and sends it to the sending time 
calculating unit 2 and the sending order control 
O 10 unit 3. 

Q Figure 3 is a detailed block diagram of the 

'/^ sending time calculating unit 2 in Fig. 1. As shown in 

y Fig. 3, the sending time calculating unit 2 includes a 

T memory 21 for storing parameter information for each 

- 15 control unit and a sending time operating circuit 22 

jlj for operating the sending time sT based on these 

parameters. In this case, as the parameter information 
Q for each control unit, there are two main information, 

i.e., the information obtained from the arrived packets 
20 and the information seguentially calculated by the 

sending time calculating unit 2. As the former, there 
are a sending rate R (byte/sec) indicating the limited 
flow for each control unit and a token bucket size B 
(byte) . As the latter, there are a pre-packet sending 
25 time pT (sec) and a token bucket counter value pC 
(byte) at the sending of the pre-packet. These 
parameters are stored in the memory 21. 

The sending time operating circuit 22 determines 
the control unit of the packet, based on header 
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information, etc./ for the packet when writing the 
arrived packet into the buffer memory 1, and reads out 
the parameter related to the control unit from the 
memory 21. Further, the sending time operating 
circuit 22 obtains the sending time sT (sec) of the 
packet and the bucket counter value C at that sending 
time, based on the parameters and the present time T 
(sec) . Still further, the sending time operating 
circuit 22 updates the corresponding contents in the 
memory 21 and sends the sending time sT to the sending 
order control unit 3, by setting the obtained sending 
time sT as the pre-packet sending time pT, and by 
setting the operated bucket counter value C as the 
token bucket counter value pC at the sending of the 
pre- packet. 

Figure 4 is a detailed block diagram of the 
sending time operating circuit 22 in the sending time 
calculating unit 2. The sending time operating 
circuit 22 receives the parameters from the memory 21 
and the packet length L of the arrived packet from the 
buffer memory 1. The sending time operating circuit 22 
includes hardware for solving the following formula. 

sT - Max[pT + (L - pC)/R,T] 

C = Min[B,pC + (sfT - pT) x R] - L 

In this case. Max [a, (J] represents selecting a 
larger value of a and P, and Min[a, P] represents 
selecting a smaller value of a and p. The detailed 
explanations of this formula will be given below. 



# • 

- 16 - 



Figure 14 is a detailed block diagram of the 
sending order control unit 3. As shown in the drawing, 
the sending order control unit 3 receives the packet 
information including the sending time sT, the control 
5 unit and additional information, from the sending time 
calculating unit 2. The sending order control unit 3 
includes a pointer link control unit 31 for outputting 
a read out instruction of the packet to be sent to the 
buffer memory 1, a pointer link memory 33 (or a sending 
O 10 control memory) for accumulating pointer link 

^ information, which manages sending order of each packet 

Si accumulated in the buffer memory 1, based on the 

h1 control of the pointer link control unit 31, and a head 

address register 32 (or a head address memory) for 
15 storing head pointers each indicating an address of the 
sTj head pointer link information which is read out from 

y the pointer link memory 33. In this case, the pointer 

O link information is prepared by the pointer link 

control unit 31 based on the packet information 
20 received from the sending time calculating unit 2, and 
includes the control unit of each packet, the sending 
time sT of the packet, the additional information (a 
priority order of the packet, packet length, etc.,), 
and the next address which stores the pointer link 
25 information of the next packet to be sent at the next 
time after sending of this packet. 

There are various manners in a calculation method 
of the sending time sT in the sending time calculation 
unit 2. The following explanations are various 
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embodiments of the calculation method. 

[An embodiment (1) for calculation of the sending 
time] 

In the embodiment (1), the sending time sT is 
5 calculated when the arrived packets are written into 

the memory. That is, the sending rate R (byte/sec) and 
the token bucket size B (byte), and the pre-packet 
sending time pT (sec) and the token bucket counter 
value pC (byte) at the sending time of the pre-packet, 
10 are stored in the memory 21 of the sending time 
calculating unit 2 as the parameter of the 
'-J corresponding control unit. 

y Figure 2 is a timing chart for explaining the 

;E relationship between the operation of the token bucket 

15 counter and each internal parameter, in the 

embodiment (1), Figure 5 is a flowchart for explaining 
steps at the write of the arrived packets to the buffer 
memory 1, Figure 6 is a flowchart for explaining steps 
at the read out of the sending packet from the buffer 
20 memory 1, and Figure 7 is a detailed flowchart for 

explaining steps of sending a time calculation at the 
write of the arrived packets shown in Fig. 5. 

First, the arrived packets are sequentially 
written into the buffer memory 1 (step Al in Fig. 5) . 
25 At the time of writing the arrived packets, the control 
unit of the arrived packet is determined based on the 
header information of the arrived packet (step A2) . 
Next, the sending time calculating unit 2 calculates 
the sending time of each arrived packet based on the 
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parameter of the control unit (step A3) . 

That is, the parameter corresponding to the 
control unit is read out from the memory 21 (step CI in 
Fig. 1) f and the sending time sT (sec) of the arrived 
5 packet is obtained based on these parameters and the 

present time T (sec) of the clock 4. The sending time 

( 

sT indicates a sending possible time, i.e., a time when 
the arrived packet accumulated in the buffer memory 1 
can be sent in accordance with the limited flow R. 

10 This time can be determined by the time when the 

writing of the arrived packet to the buffer memory 1 is 
completed, and by the time when the bucket counter 
value C exceeds the packet length L (byte) of the 
arrived packet. 

15 That is, a counter permission time eT, which 

indicates the time when the bucket counter value C 
becomes the packet length L, can be obtained by 
obtaining the necessary time until the packet counter 
value pC becomes the packet length L at the sending 

20 time of the pre-packet (i.e., at the timing of read out 
of the pre-packet) from the limited flow (= an 
increasing rate) R (byte/sec) of the packet counter, 
and by adding this time to the sending time pT of the 
pre-packet. Accordingly, the counter permission time 

25 eT can be expressed by the following formula. 
eT = pT + (L - pC)/R 

The^ counter permission time eT is compared with 
the present time T, and the sending time sT of the 
packet is determined by the later time (i.e., larger 
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time) between the time eT and the time T. That is, the 
time sT can be expressed by the following formula (step 
C2) . 

sT ^ Max[pT + (L - pC)/R,T] 
5 Further, the bucket counter value C at the sending 

time sT of the packet can be obtained in such a manner 
that, first, a time from the sending time pT of the 
pre-packet until the sending time sT of the present 
packet is multiplied by the increasing rate R of the 

10 bucket counter so that an increased value of the bucket 
counter value is obtained; next, the increased value is 
added to the bucket counter value C at the sending time 
of the pre-packet; an added value is compared with an 
upper limit value B of the bucket counter; next, a 

15 smaller value between the added value and the upper 

limit value B is selected; finally, the bucket counter 
value C can be obtained by subtracting the packet 
length L, which was already sent, from the smaller 
value. The above steps can be expressed by the 

20 following formula (step C3) . 

C = Min[B,pC + (sT - pT) x R] - L 

The parameters stored in the memory 21 are updated 
based on the sending time sT of the arrived packet and 
the bucket counter value C at that time. That is, the 
25 sending time sT of the arrived packet to be written 

into the buffer memory 1 is written into the memory 21 
as the sending time pT of the pre-packet. Similarly, 
the bucket counter value C at the sending time sT is 
written into the memory 21 as the bucket counter value 
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pC at the sending time of the pre-packet (step C4) . 

Further, the information, such as control unit of 
the packet written into the buffer memory 1, and the 
sending time sT calculated for the packet, are sent to 
5 the sending order control unit 3 as the packet 

information. The sending order control unit 3 prepares 
the pointer link information based on the above packet 
information, and registers them into the pointer link 
memory 33 in order of the sending time. The sending 
p 10 order control unit 3 sequentially reads out the pointer 

ri link information in order of earlier sending time, 

'SI 

determines the contents (step Bl), and instructs read 

W 

lj out of the corresponding packet to be sent to the 

j buffer memory 1, in accordance with the result of the 

15 above determination. The detailed steps in the sending 
order control unit 3 will be explained below. 

O Figure 2 is a timing chart for explaining the 

ill 

Q relationship between the operation of the counter and 

each of internal parameters in the embodiment (1) . The 

20 above-mentioned sending time sT can be calculated as 
follows. In Fig. 2, the packets 1 to 3 sequentially 
arrive and accumulate into the buffer memory 1. Each 
arrived packet 1 to 3 has the corresponding packet 
length LI to L3, respectively. 

25 Since the bucket counter value C indicates the 

upper limit value B (i.e., the maximum value), and can 
be expressed by B > LI, at the time when the arrived 
packet 1 was written into the buffer memory 1, it is 
possible to send the packet 1 based on the control of 



the limited flow R. Accordingly, the packet 1 is read 
out from the buffer memory 1 and sent to the receiving 
side, and the bucket counter value C is subtracted by 
the packet length Ll. As a result, the bucket counter 
value C can be expressed by the formula C = B - Ll, and 
is increased from the value (B - Ll) in accordance with 
the rate of the flow R (byte/sec) . 

At the time when the next arrived packet 2 is 
written into the buffer memory 1, the sending time pT2 
of the pre-packet as the time when the pre-packet 1 was 
sent, and the bucket counter value pC2 at the sending 
time of the pre-packet as the bucket counter value C, 
are stored in the memory 21. 

The counter permission time eT2 indicates the time 
when the bucket counter value C reaches the packet 
length L2 that indicates permission of sending of the 
packet 2. The counter permission time eT2 can be 
obtained in such a manner that, first, a time when the 
bucket counter value pC2 at the sending time pT2 of the 
pre-packet reaches the packet length L2 is obtained by 
the increasing rate R (byte/sec) of the bucket counter, 
and this time is added to the sending time pT2 of the 
pre-packet. That is, the counter permission time eT2 
can be expressed by the following formula. 

eT2 = pT2 + (L2 - pC2)/R 

The counter permission time eT2 is compared with 
the present time T, and the later time (i-e., larger 
time) between the time eT2 and the time T is defined as 
the sending time sT2 of the corresponding packet. The 
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counter permission time eT2 can be expressed by the 
following formula. 

sT2 = Max[pT2 + (L2 - pC2)/R,T] 

In the example shown in Fig. 2, the corresponding 
5 packet 2 cannot be sent up to the completion time T2 
when the arrived packet 2 is written into the buffer 
memory 1. Since the time T2 is larger than the time 
eT2 that was obtained by calculation^ the sending time 
sT2 becomes the time T2- That is, when the sending 

□ 10 time sT2 is the time T2, the packet 2 is read out from 

the buffer memory 1. 

The bucket counter value C at the sending time sT2 
hi of the packet 2 can be obtained in such a manner that, 

jj: first, a time from the sending time pT2 of the pre- 

Si 15 packet until the sending time sT2 of the present packet 

llj is multiplied by the increasing rate R of the bucket 

counter so that an increased value [= (sT2 - pT2) x R] 

□ of the bucket counter value is obtained; next, the 
increased value is added to the bucket counter value C 

20 (= pC) at the sending time of the pre-packet; an added 
value is compared with an upper limit value B of the 
bucket counter; next, a smaller value between the added 
value and the upper limit value B is selected; finally, 
the bucket counter value C can be obtained by 

25 subtracting the packet length L2, which was already 

sent, from the smaller value. The above steps can be 
expressed by the following formula. 

C = Min[B,pC2 + (sT2 - pT2) x R] - L2 

The sending time sT2 obtained by the above 
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calculation is defined as the sending time sT3 of the 
pre-packet for the next packet 3, and the bucket 
counter C is defined as the bucket counter value pC3 at 
the sending of the pre-packet for the next packet 3. 

Further^ at the time when the arrived packet 3 is 
written into the buffer memory 1, the counter 
permission time eT3 indicates the time when the bucket 
counter value C reaches the packet length L3 that 
indicates permission of sending of the packet 3. The 
counter permission time eT3 can be obtained in such a 
manner that^ first, a time when the bucket counter 
value pC3 at the sending time pT3 of the pre-packet 
reaches the packet length L3 is obtained by the 
increasing rate R (byte/sec) of the bucket counter, and 
this time is added to the sending time pT3 of the pre- 
packet. That is, the counter permission time eT3 can 
be expressed by the following formula. 

eT3 = pT3 + (L3 - pC3) /R 

The counter permission time eT3 is compared with 
the present time T, and the later time (i.e., larger 
time) between the time eT3 and the time T is defined as 
the sending time sT3 of the corresponding packet. The 
counter permission time eT3 can be expressed by the 
following formula . 

sT3 = Max[pT3 + {L3 - pC3)/R,T] 

In this case, the packet 3 cannot be sent up to 
the completion time T3 when the packet 3 is written 
into the buffer memory 1. Since the bucket counter 
value C is not recovered to the packet length L3 at 
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this time T3, the sending of the packet 3 is not 
permitted. That is, the above-calculated counter 
permission time eT3 is used as the sending time sT3 of 
the packet 3, and the packet 3 is read out from the 
buffer memory 1 and sent to the receiving side at the 
time when the present time T reaches the sending time 
sT3 {= eT3) . 

Further, the bucket counter value C at the sending 
time sT3 of the packet 3 can be obtained in such a 
manner that, first, a time from the sending time pT3 of 
the pre-packet until the sending time sT3 of the 
present packet is multiplied by the increasing rate R 
of the bucket counter so that an increased value 
[= (sT3 - pT3) X R] of the bucket counter value is 
obtained; next, the increased value is added to the 
bucket counter value C (= pC3) at the sending time of 
the pre-packet; an added value is compared with an 
upper limit value B of the bucket counter; next, a 
smaller value between the added value and the upper 
limit value B is selected; finally, the bucket counter 
value C can be obtained by subtracting the packet 
length L3, which was already sent, from the smaller 
value. The above steps can be expressed by the 
following formula. 

C = Min[B, pC3 + (sT3 - pT3} x R] - L3 

[An embodiment (2) for calculation of the sending 

time] 

In the embodiment (2), the sending time sT is 
calculated at the time when the arrived packets are 



written into the memory. Figures 8 to 11 are provided 
for explaining the embodiment (2) , In the 
embodiment (2), the parameters used for calculating the 
sending time sT are changed from the embodiment (1), 
and the number of parameters stored in the memory 21 is 
reduced, so that the capacity required for the memory 
can be reduced. 

That is, in the embodiment (2), the memory 21 in 
the sending time calculating unit 2 stores, for each 
control unit of the arrived packet, the sending rate R 
(byte/sec) and the token bucket size B (byte), and the 
time bT (below, this time is called a recovery time to 
the upper limit value of the pre-packet) when the token 
bucket counter value C at the sending time of the pre- 
packet returns to the upper limit value B (= initial 
value), as the parameters of that control unit. 
Figure 8 is a timing chart for explaining the 
relationship between the operation of the token bucket 
counter and each of internal parameters, in the 
embodiment (2) . 

Figure 9 is a detailed block diagram of the 
sending time calculating unit 2 in the embodiment (2) . 
The basic structure is the same as the embodiment (1) 
(see Fig. 3) as structured by the memory 21 and the 
sending time calculating unit 2. In the 
embodiment (2), the memory 21 stores the sending rate R 
(byte/sec) for each control unit and the token bucket 
size B (byte), as well as the first embodiment. 
Further, the memory 21 stores the recovery time bT to 



the upper limit value of the pre-packet indicating the 
time when the token bucket counter value C at the 
sending time of the pre-packet returns to the upper 
limit value B, instead of the sending time pT of the 
pre-packet and the bucket counter value pC in the first 
embodiment. Further, the sending time calculating 
unit 2 is structured by the hardware for solving the 
following formula. 

sT - Max[bT + (b - L)/R,T] 

rT = Max[sT, bT] + L/R 

A calculation method of the sending time sT in the 
sending time calculating unit 2 in the embodiment (2) 
will be explained in detail below. In this case, 
although the steps of the write operation to the buffer 
memory 1 of the arrived packet are the same as the 
steps shown in Fig. 5 in the embodiment (1), the 
detailed calculation of the sending time sT is 
different from the first embodiment, as shown in 
Fig. 11. Further, the steps of the read operation from 
the buffer memory 1 are the same as the steps shown in 
Fig. 6 in the embodiment (1) . 

As mentioned above, the memory 21 stores, for each 
control unit of the arrived packet, the sending rate R, 
the token packet size B and the recovery time bT of the 
upper limit value of the pre-packet, as parameters. 

In Fig. 11, when writing the arrived packet into 
the buffer memory 1, the control unit of the packet is 
identified based on the header information of that 
packet, and the parameter for the identified control 
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unit is read out from the memory (step Fl) . The 
sending time sT of the packet can be obtained based on 
the parameters and the present time T and based on the 
time when the write of the arrived packet to the buffer 
5 memory 1 is completed and the bucket counter value C 
exceeds the packet length L. 

In this case, since the recovery time of the upper 
limit value, in which bucket counter value C at the 
sending time of the pre-packet recovers to the upper 
n 10 limit value B, can be expressed by bT, the recovery 

J time until the bucket counter value C reaches the upper 

%! limit value B from the packet length L, can be obtained 

hj by dividing the difference value (B - L) between the 

upper limit value B and the packet length L into the 
15 increasing rate R of the bucket counter value C, 
JfJ Further, the time when bucket counter value C reaches 

Q packet length L (= the counter permission time eT) can 

n be obtained by subtracting the recovery time 

[= (B - L)/R] from the recovery time bT of the upper 
20 limit value of the pre-packet. Further, the counter 

permission time eT is compared with the present time T, 
and the later time between the time eT and the time T 
is selected so that the sending time sT of the packet 
can be obtained as shown by the following formula 
25 (step F2) . 

sT = Max[bT - (b - L)/R,T] 

Further, the time rT (this is called the recovery 
time of the upper limit value of the pre-packet) when 
the bucket counter value C at the sending time of the 
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present packet returns to the upper limit value can 
be obtained in such a manner that, if the bucket 
counter value C reaches the upper limit value B at the 
sending time sT of the present packet (that is, if the 
5 sending time sT is larger than the recovery time bT of 
the upper limit value of the pre-packet), the 
difference value (B - L) between the upper limit value 
B and the packet length L is calculated; and the time 
when the difference value (B - L) is increased based on 

10 the increasing rate R and reaches difference zero 

(i.e,, the time returning to the upper limit value B) 
is added to the sending time sT of the present packet, 
as shown by the formula sT + L/R. 

On the other hand, if the sending time sT of the 

15 present packet is smaller than the recovery time bT of 
the upper limit value of the pre-packet, the recovery 
time rT of the upper limit value of the present packet 
can be obtained in such a manner that the time {= L/R) 
required for returning the bucket counter value based 

20 on a value subtracted by the packet length L of the 

present packet at the sending time sT, is added to the 
recovery time bT of the upper limit value of the pre- 
packet, as shown by the formula bT + L/R. 

That is, the recovery time rT of the upper limit 

25 value of the present packet can be obtained by t'he 
following formula in all the above cases (step F3) . 
rT = Max[sT, pT] + L/R 

The obtained recovery time rT of the upper limit 
value of the present packet is stored in the memory 21 
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as the new recovery time bT of the upper limit value of 

the pre-packet (step F4) . 

Further, a newly obtained sending time sT of the 

present time is transferred to the sending order 
5 control unit 3 with the position information of the 

packet and the control unit information on the buffer 

memory 1, as the packet information. The packet 

information are registered in order of the sending time 

as the pointer link information. 
□ 10 [An embodiment (3) for calculation of the sending 

C'l time] 

N In the embodiment (3), the sending time sT is 

calculated at the time when the arrived packets are 
read out from the buffer memory. As explained above, 

3 3 

15 in the embodiments (1)^ (2), the sending time sT of the 
jil packet is calculated at the time when that packet is 

O written into the buffer memory 1, and the calculated 

n sending time is registered into the sending order 

control unit 3 with other packets. In this method, 
20 however, it is necessary to provide a memory having a 
large capacity in order to store all sending times sT 
for all arrived packets. In order to resolve this 
problem, the calculation of the sending time sT of the 
packet is performed at the time when the packet is read 
25 out from the buffer memory 1, in the embodiment (3) . 
In this case, when the packet is read out from the 
buffer memory 1 and sent to the receiving side, the 
sending time sT of the next packet, which is sent in 
next order of the present packet, is calculated and 
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registered into the sending order control unit 3. 
According to the embodiment (3), it is not necessary to 
provide the memory capacity to store the sending time 
sT, for all arrived packets. That is, the memory 
capacity is prepared so as to be sufficient to store 
only the number of control unit corresponding to the 
arrived packet. 

Figure 12 is a flowchart for explaining a write 
operation of the arrived packet to the buffer memory 1 
in the embodiment (3), and Figure 13 is a flowchart for 
explaining a read operation from the buffer memory 1 in 
the embodiment (3) . The detailed calculation method of 
the sending time sT in the embodiment (3) is basically 
the same as the calculation method in the 
embodiment (1), i.e., the calculation method explained 
in the counter operation of Fig. 8 and in the flowchart 
of Fig. 11. 

First, the operations are briefly explained below. 
In the embodiment (3), when the packet is arrived to 
the buffer memory 1, if the packet having the same 
control unit as the arrived packet has been already 
stored in the buffer memory 1 (i.e., if a plurality of 
packets having the same control unit are accumulated in 
the buffer memory 1), it is possible to calculate the 
sending time sT of the next packet, since the next 
packet belonging to the same control unit as the 
sending packet exists in the buffer memory 1, when the 
sending packet is read out from the buffer memory 1. 
On the other hand, if the packet having the same 
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control unit as the arrived packet does not exist in 
the buffer memory 1, since the sending time sT of the 
arrived packet cannot be calculated as the sending time 
sT of the next packet when other packets having the 
same control unit are read out from the buffer 
memory 1, the sending time sT of the packet is 
calculated at the time when the packet is written into 
the buffer memory 1, and the calculated sending time sT 
is registered into the sending order control unit 3. 

That is, the memory 21 stores the sending rate R 
and token bucket size B for each control unit, the 
sending time cT of the present packet indicating the 
present sending time, and the token bucket counter 
value cC of the sending time of the present packet. 
This is different from the embodiment (1) which stores 
the sending time pT of the pre-packet and the bucket 
counter value pC at the sending time of the pre-packet. 

As shown in Fig. 12 for explaining write operation 
in the embodiments (3) and (4) . First, the arrived 
packets are sequentially stored into the buffer 
memory 1 {step Dl) . When the arrived packet is written 
into the buffer memory 1, the control unit of the 
packet is identified based on the header information of 
the arrived packet (step D2) . Further, whether there 
are the packets belonging to the same control unit in 
the buffer memory 1 is checked (step D3) . If there are 
the packets belonging to the same control unit in the 
buffer memory 1, it is not necessary to do any process, 
and the write process is completed. In this case, the 
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sending time sT of the packet is calculated as the 
sending time sT of the next packet at the time when the 
previous packet is read out from the buffer memory 1. 

On the other hand, when the there are no packets 
belonging to the same control unit in the buffer 
memory 1, it is necessary to calculate the sending time 
of the arrived packet of this time at the present time 
(i.e., the time when the packet is written into the 
buffer memory 1) . That is, the parameter corresponding 
to the control unit of the packet is read out from the 
memory 21. Further, based on the parameter and the 
present time T, the sending time sT of the arrived 
packet can be obtained as the time when the bucket 
counter value C exceeds the packet length L of the 
arrived packet. 

Further, the bucket counter value C is obtained at 
the sending time of the packet, and the sending time sT 
and the bucket counter value C are stored in the 
memory 21 as the sending time cT of the present packet 
and the bucket counter value cC at the sending time of 
the present packet. Further, the sending time sT is 
sent to the sending order control unit 3 with the 
information of the packet of the position stored in the 
buffer memory 1 and control unit. 

On the other hand, as shown in Fig. 13, when the 
packet is read out from the buffer memory 1, the 
sending order control unit 3 determines the next packet 
to be sent (step El), and instructs read-out of the 
packet to the buffer memory 1. In accordance with the 
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instructions, the packet is read out from the buffer 
memory 1 (step E2) . At the time when the packet is 
read out, the control unit of the packet is identified 

(step E3), and whether there are the packets belonging 
to the same control unit as the read packet are checked 

(step E4.). When there are no packets, it is not 
necessary to do any process and the read-out process is 
completed. 

On the other hand, when there are packets 
belonging to the same control unit, the sending time of 
the next packet to be read out in the same control unit 
is calculated based on the following steps. 

The following calculation steps are the same as 
the steps explained in Fig. 7, except that the sending 
time p of the pre-packet is replaced to the sending 
time cC of the present packet and the bucket counter 
value pC at the sending time of the pre-packet is 
replaced to the bucket counter value cC at the sending 
time of the present packet. 

That is, first, the packet length of the next 
packet is read out from the buffer memory 1 (step E5) . 
Further, the parameters corresponding to the control 
unit are read out from the memory 21. The sending time 
sT of the next packet can be obtained based on the 
parameters and the present time T as the time when the 
bucket counter value exceeds the packet length L of the 
next packet. These steps can be expressed by the 
following formula. 

sT = Max[cT + (L - cC)/R,T] 



Further, the bucket counter value C at the sending 
time of the next packet can be obtained by the 
following formula, 

C = Min[B,cC + (sT - cT) x R] - L 

Further, the obtained sending time sT of the next 
packet and the bucket counter value at that time are 
stored in the memory 21 as the sending time cT of the 
present packet and the bucket counter value cC at the 
time. The sending time sT is sent to the sending order 
control unit 3 with the information of the position of 
the packet on the buffer memory 1 and the control unit. 

[An embodiment (4) for calculation of the sending 

time] 

In the embodiment (4), the sending time sT is 
calculated at the time when the arrived packets are 
read out from the buffer memory. As well as the third 
embodiment, the sending time T is calculated at the 
time when the packet is read out from the memory 21, 
and not stored for each packet in the sending order 
control unit 3 in the embodiment (4). In the 
calculation method of the sending time, the number of 
parameters to be stored in the memory 21 can be reduced 
by performing the same method as the embodiment (2) 
shown in Fig. 8. 

In the embodiment (4), the steps of the write 
operation of the packet to the buffer memory 1 are the^ 
same as the steps of the embodiment (3) shown in 
Fig. 12, and the steps of the read operation of the 
packet from the buffer memory 1 are the same as the 
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steps of the embodiment (3) shown in Fig. 13. On the 
other hand, the detailed steps of the read time 
calculation in the flowchart shown in Fig. 13 are 
different from the step of the embodiment (3), and the 
same as the steps of the embodiment (2). However, "bT" 
in Fig. 11 is not the recovery time of the upper limit 
value of the pre-packet, but is the recovery time of 
the upper limit value of the present packet. 

In the embodiment (4), the memory 21 in the 
sending time calculating unit 2 stores, for each 
control unit of the arrived packet, the sending rate R 
(bytes/sec) and the token bucket size B (bytes), and 
the recovery time bT of the upper limit value of the 
present packet in which the token bucket counter value 
C at the sending time of the present packet returns to 
the upper limit value (= initial value) B, as the 
parameters of the control unit. When comparing the 
embodiment (2) with the embodiment (4), as the 
difference between these embodiments, the former stores 
the recovery time of the upper limit value of the pre- 
packet, and the latter stores the recovery time of the 
upper limit value of the present packet. 

When the arrived packet is written into the buffer 
memory 1, the control unit of the arrived packet is 
identified based on the information of the header of 
the arrived packet, and whether there are the packets 
belonging to the same control unit in the buffer 
memory 1 is determined. When there are the packets, 
the calculation of the sending time sT of the arrived 



packet is performed at the time when a just one before 
packet is read out so that it is not necessary to do 
any processes at the write operation in the buffer 
memory 1 . 

On the other hand, when there are no packets 
belonging to the same control unit in Xhe buffer 
memory 1, the calculation of the sending time sT of the 
arrived packet must be performed at the write time to 
the buffer memory 1. In this case, the calculation 
method is the same as that of the embodiment (1) . That 
is, the parameters corresponding to the control unit 
are read out from the memory 21. The sending time sT 
of the present packet can be obtained based on the 
parameters and the present time T, as the time when the 
bucket counter value exceeds the packet length L of the 
arrived packet and when the write operation to the 
buffer memory 1 is completed. 

Furthermore, a time rT, when the token bucket 
counter value C at the sending time of the packet 
returns to the upper limit value B, is calculated, and 
the time rT is stored as the recovery time pT of the 
upper limit value of the present packet. Further, the 
sending time sT of the present packet is sent to the 
sending order control unit 3 with the information of 
the stored position of the packet on the buffer memory 
and the information of the control unit. 

When the packet is read out from the buffer 
memory 1, if there are no packets, which belong to the 
same control unit as the read packet, in the buffer 
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memory 1, the read operation is completed without any 
processes since there are no packets to be sent at the 
next order. 

On the other hand, if there are packets, which 
belong to the same control unit as the read packet, in 
the buffer memory 1, the sending time of the next 
packet to be read (i.e*, next packet) in the packets 
having the same control unit existing in the buffer 
memory 1 is calculated as follows. 

First, the parameters corresponding to the control 
unit are read out from the memory 21. The sending time 
sT of the next packet can be obtained as the time when 
the counter value exceeds the packet length L of the 
arrived packet, and when the write operation of the 
next packet to the buffer memory 1 is completed. The 
above calculation can be expressed by the following 
formula . 

sT - Max[pT - (B - L)/R,T] 

Further, the time rT when the bucket counter value 
C at the sending time of the next packet returns to the 
upper limit value B, can be expressed by the following 
formula . 

rT Max(sT, bT) + L/R 

Further, time rT is stored as the recovery time bT 
of the upper limit value of the new present packet, and 
the sending time sT of the next packet calculated by 
the above formula is sent to the sending order control 
unit 3 with the information of the stored position of 
the packet on the buffer memory and the information of 
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the control unit. 

[An embodiment (5) for calculation of the sending 
time] 

In the embodiment (5), the sending time sT is 
calculated at the time when the arrived packets are 
written into the buffer memory. This embodiment 
corresponds to the process that each parameter is 
normalized so as to set the increasing rate (an adding 
rate) R of the bucket counter value C to a value "1" in 
the embodiment (1) . Accordingly, although the basic 
portions of this embodiment are the same as the 
embodiment (1), the following portions are different 
from the embodiment (1) . 

That is, the memory 21 stores the reciprocal 1/R 
of the sending rate (limited flow) R for each control 
unit, a normalized value B* (= B/R) based on the sending 
rate R of the token packet size, the sending time pT of 
the pre-packet, and a normalized value pC (= pC/R) 
based on the rate of the token bucket counter value pC 
at the sending time of the pre-packet. 

When the arrived packet is written into the buffer 
memory 1, the control unit of the arrived packet is 
identified based on the header information of the 
arrived packet, the parameter corresponding to the 
control unit is read out from the memory 21. Based on 
the parameter and the present time T, the sending time 
sT of the arrived packet can be calculated as the time 
when the counter value exceeds the normalized value L/R 
of the packet length L of the arrived packet, and when 



the write operation of the arrived packet to the buffer 
memory is completed, as shown by the following formula. 
sT = Max[pT + L/R - pC, T] 

Further, the bucket counter value C at the sending 
time sT of the packet can be obtained by the following 
formula . 

C = Min{B', pC + sT - pT) - L/R 

The calculated sending time sT and the bucket 
counter value C are stored, in the memory 21, as the 
sending time pT at the pre^packet and the bucket 
counter value pC at the sending time of the pre- 
packet. Further, the sending time sT is sent to the 
sending order control unit 3 with the position 
information of the packet on the buffer memory and the 
information of the control unit. 

In this case, a method for calculating the sending 
time based on the above normalization in the embodiment 
(5) can be applied to the calculation of the sending 
time in the embodiments (1) to (4) . 

Next, a method for managing the sending order of 
the packet in the sending order control unit 3, which 
is performed in order to read the packets' in order of 
the sending time, will be explained in detail below. 
Various methods are explained in order below. 

(An embodiment (a) for managing the sending order) 

As mentioned above. Fig. 14 is a detailed block 
diagram of the sending order control unit 3 in the 
packet flow control apparatus according to the present 
invention; Fig. 15 is view for explaining registration 



of pointer link information and additional processes in 
a pointer link memory 33 in the sending order control 
unit 3 in the embodiment (a); Fig. 16 is view for 
explaining registration of pointer link information and 
cancellation processes in the pointer link memory 33 in 
the sending order control unit 3 in the embodiment (a) ; 
Fig. 17 is a flowchart for explaining registration 
processes of the packet information including the 
sending time information from the sending time 
calculating unit 2 to the pointer link memory 33, as 
the pointer link information; and Fig. 18 is a 
flowchart for explaining read processes of the pointer 
link information read from the pointer link memory 33. 

As shown in Fig. 14, the sending order control 
unit 3 includes a pointer link control unit 31, a head 
address register 32 and the pointer link memory 33. 
The pointer link memory 33 stores the information of 
the control unit, and the information of the pointer 
link information including the sending time 
corresponding to the control unit, the address of the 
packet to be sent at the next time and the additional 
information. Further, in the pointer link memory 33, 
it may be possible to utilize the information of the 
packet or the information of the read control in the 
buffer memory as the address information. Further, it 
may be possible to manage dynamically vacant areas of 
the memory and to assign the vacant areas with the 
information sent from the sending time calculating 
unit 2. 
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As shown in Fig. 15, on the pointer link 
memory 33, the pointer link information, which consist 
of the packet information existing in the buffer 
memory 1 and the information of the control unit 
5 belonging to the packet, are previously sorted in the 
form of pointer link based on the order of the sending 
time. Further, the head address register 32 stores a 
pointer that indicates the address of the pointer link 
information of the smallest sending time. 
n 10 When the sending time sT sent from the sending 

time calculating unit 2 is transmitted as the packet 
'\i information, the pointer link information in the 

y pointer link memory 33 is added to the packet 

=1^ information, and the pointer link is updated in 

□ 

i: 15 accordance with the steps shown in Fig. 15. 

^ The pointer of the head address register 32 

□ sequentially traces the pointer link information of the 

p next address, in order, from the pointer link 

information at the smallest sending time* The sending 
20 time written in the pointer link' information is 

compared with the packet sending time sT received from 
the sending time calculating unit 2 (steps F2 to F4 in 
Fig. 17) . When the former is larger than the latter 
(step F3), the packet information at the sending time 
25 sent from the sending time calculating unit 2 is stored 
in the pointer link memory 33 as the pointer link 
information. Further, the pointers, after that pointer 
link information, are replaced with the next address in 
such a manner that other pointer link information are 
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sorted in order of the time (step F5) • 

Further, when reading out the pointer link 
information, the pointer link information of the 
smallest sending time indicating- the address of the 
5 pointer of the head address register 32 is read out 
from the pointer link memory 33 (step Gl), and the 
sending time of the pointer link information is 
compared with the present time T of the clock 4 (step 
G2) . When the sending time is equal to, or larger than 

10 the present time T, the read instruction (including the 
control unit information) for the packet corresponding 
to the, pointer link information is sent to the buffer 
memory 1 (step G3), the corresponding packet is read 
out from the buffer memory 1, and the pointer of the 

15 head address register 32 is updated to the pointer 
value indicating the address of the pointer link 
information to be read next from the pointer link 
memory 33 (step G4) . 

Further, in the pointer link memory 33, the 

20 pointer link information are deleted in the pointer 
link memory 33, and the linked state is updated in 
accordance with the steps shown in Fig. 16. 

(An embodiment (b) for managing the sending order) 
Next, the management of the sending order in the 

25 sending order control unit 2 is explained in detail 
below. 

In the above embodiment (a) for managing the 
sending order, the sending time of the new packet is 
calculated in the sending time calculating unit 2, and 
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is sent to the sending order control unit 3. Further, 
the pointer link information is read out from the 
sending order control unit 3, and when the read 
instruction of the packet is sent to the buffer 
memory 1, the pointer link information in the pointer 
link memory 33 of the sending order control unit 3 are 
added or deleted so that the state of the pointer link 
is changed. In this case, it is necessary to update 
collectively the contents of the pointer link 
information that are provided after the pointer link 
information newly added or deleted. In these 
processes, however, when there is much pointer link 
information after adding or deleting pointer link 
information, a working amount is considerably 
increased. Accordingly, the embodiment (b) is provided 
in order to resolve the above problems. 

Figure 19 is a view for explaining the state of 
link of the pointer link information in the pointer 
link memory 33 in the embodiment (b) . As shown in the 
drawing, the head address register 32 is formed in 
order to manage three pointers. In this case, a first 
pointer is assigned for the sending time sT of 0 to 9, 
a second pointer is assigned for the sending time sT of 
10 to 19, and a third pointer is assigned for the 
sending time sT of 20 to 29, as trains of the pointer 
link information. Further, each of these pointer link 
information corresponds to the address of the pointer 
link information at the head. The head address 
register 32 manages the address of the head pointer 
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link information in the three trains of the pointer 
link information in the pointer link memory 33 for each 
unit time (for example, 1 milli-sec) , and updates the 
content, 

5 As well as the embodiment (a), the three trains of 

the pointer link information in the pointer link 
memory 33 are previously sorted in the form of the 
pointer link based on the order of the sending time, in 
connection with the packet information (the packet 
10 information or the control unit information belonging 
to the above packets) existing in the buffer memory 1, 
based on the head pointer link information indicating 
the address of each pointer in the head address 
register 32. 

15 The three trains of the pointer link information 

in the pointer link memory 33 are changed in such a 
manner that, first, the pointer link information are 
read out sequentially from the first train of the 
pointer link information having early sending time and, 

20 when all pointer link information are read out from the 
first train, the pointer link information are read out 
sequentially from the second train of the pointer link 
information having the next earliest sending time. 
Further, the train of the pointer link information, in 

25 which all pointer link information are read out, is 

used as the train of the pointer link information for 
sorting the latest pointer link information of the 
sending time. As mentioned above, three trains of the 
pointer link information are sequentially changed in 



order to perform addition or deletion of the pointer 
link information - 

Based on the above structure^ even if there are 
addition or deletion of the pointer link information 
for the pointer link memory 33, only the pointer link 
information in the train of the pointer link 
information is sorted in the range of the train of the 
pointer link information belonging to the pointer link 
information to be added or deleted, so that it is 
possible to reduce the working amount in the update 
processes of the contents* 

(An embodiment (c) for managing the sending order) 
The embodiment (c) is provided for improving the 
embodiment (b) . That is, in the embodiment (b) , in 
order to register the pointer link information having 
the latest sending time into the train of the pointer 
link information, it is necessary to previously prepare 
the trains of the pointer link information from the 
earliest sending time until the latest sending time. 
Accordingly, in order to resolve the above problem, it 
is necessary to either increase the number of the train 
of the pointer link information, or increase the number 
of the pointer link information per one train. In this 
case, however, the use efficiency of the pointer link 
memory 33 is not economical. The embodiment (c) is 
provided for resolving the above problem of the 
embodiment (b) . 

Figure 20 is a view for explaining the state of 
the link of the pointer link information in the pointer 
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link memory 33. As shown in the drawing, the head 
address register 32 is formed so as to manage the 
pointer of each head pointer link information in the 
trains in which the sending time is 0 to 9, 10 to 19, 
5 20 to 29, , 990 to 999. Further, a re-searching 

head address register is provided in addition to the 
head address register 32, and is formed so as to manage 
the pointers of the head pointer link information of 
the trains sorted by the sending time having the 
□ 10 pointer link information of 1000 or more. That is, in 

]^ the head address register 32, pointers (addresses) are 

ss 

H prepared only from the present time until a certain 

'S. -i 

time (in this example, sT = 999) . The pointers, after 
a certain time and which cannot be supported by the 
II 15 head address register 32, are managed by the re- 

J=i searching head address register as the re--searching 

O pointer. 

n In the sending time calculating unit 2, when the 

^ packet information including the sending time is sent, 

20 and when the sending time information lies in each 

address range (each section of pointer divided based on 
the sending time) which is managed by the head address 
register 32, the embodiment (c) is operated in the same 
manner as the embodiment (b) . On the other hand, when 
25 the sending time information does not exist in the 

above address range, the pointer link information of 
the packet information including the sending time is 
added to the re-searching pointer link information 
indicated by the re-searching pointer of the re- 
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searching head address register, so as to form the 
pointer link. In this case, the added pointer link 
information may be sorted in order of the time, or may 
be simply added to a vacant area without sorting in 
order of the time. 

Further, the contents of the trains of the pointer 
link information, which are formed by the re-searching 
pointer indicated by the re-searching head address 
register, are read out for every constant time. When 
the sending time included in the address range of the 
head address register 32 is searched, the contents of 
the trains are sorted for the trains of the pointer 
link information belonging to the address, in 
accordance with the same steps as the packet 
information from the sending time calculating unit 2, 
and added to the pointer link. 

Further, the re-searching pointer may be formed by 
a memory. In this case, the read operation from the 
memory may be performed for every constant time (for 
example, 1 milli-sec) from the contents of the memory 
having the smallest time with the contents of the 
pointer link memory 33. 

The control at the read operation of the packet is 
omitted since it is the same as the embodiment (b) . 

(An embodiment (d) for managing the sending order) 

Figure 21 is a view for explaining the state of 
the link of the pointer link information in the pointer 
link memory 33 in the embodiment (d) . 

As shown in the drawing, in the embodiment (d) , 
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the contents described in the embodiments (a) to (c) 
are added to the pointer link information linked to the 
pointer link memory 33, and priority information are 
stored as the additional information. The priority 
5 information are formed of "high" and "low". In this 
case, the packet of the priority "high" is 
preferentially read out and sent rather than the 
priority "low" when the "low" lies in a time zone 
(i.e., the sending time has a predetermined time zone) 
Q 10 of the same sending time. 

]^ When the information are sent from the sending 

'Si 

Sf time calculating unit 2, with the contents in the 

. . . ^ . 

|.| embodiments (a) to (c) , the priority information 

'£= described in the packet header, or the priority 

U 

15 information supposed by the contents of the header, or 
the priority information for each control unit of the 
O sending, is sent from the sending time calculating 

Q unit 2. Further, when the packet is sorted in order of 

the sending time, and when the same packet in the time 
20 zone was already stored in the pointer link memory 33 
as the pointer link information, the pointer link 
information of the packet having the priority "high" is 
sorted so as to be positioned prior to the pointer link 
information of the packet having the priority "low", in 
25 accordance with the priority information. 

The detailed explanations of the following 
operation in the embodiment (d) are omitted since they 
are the same operations as the embodiments (a) to (c) . 
(An embodiment (e) for managing the sending order) 
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Figure 22 is a view for explaining the state of 
the link of the pointer link information in the pointer 
link memory 33 in the embodiment (e) . As shown in the 
drawing, in the embodiment (e) , the contents described 
in the embodiments (a) to (c) are added to the pointer 
link information linked to the pointer link memory 33, 
and the packet length is stored as the additional 
information. 

When the information are sent from the sending 
time calculating unit 2, the information of the packet 
length are sent therefrom with the contents in the 
embodiments (a) to (c) . Further, when the packet is 
sorted in order of the sending time, and when the same 
packet in the time zone was already stored in the 
pointer link memory 33, the packet having short packet 
length is set to the priority "high", and the pointer 
link information of the packet having the priority 
"high" is sorted so as to be positioned prior to the 
pointer link information of the packet having the 
priority "low", in accordance with the information of 
the packet length. 

Briefly, the present invention has various effects 
as explained below. 

First, it is not necessary to provide the token 
bucket counter for each control unit of the packet, and 
only memory is provided for storing parameters for each 
control unit. 

Further, as the parameters used in the calculation 
of the sending time, as explained in the 
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embodiments (1) and (4) for calculation of the sending 
time, when the recovery time is stored in the memory, 
it is possible to reduce the number of parameters to be 
stored in the memory, so that it is possible to reduce 
the memory capacity. 

Still further, as explained in the embodiments (3) 
and (4) for calculation of the sending time, when the 
system is structured in such a manner that calculation 
of the sending time of the packet is performed at the 
time when the packet is read out from the buffer 
memory, it is not necessary to hold the sending time of 
the packet of the buffer memory in the sending order 
control unit. Accordingly, it is sufficient to store 
only next sending time for each control unit, so that 
it is possible to treat dynamically the change of the 
range. 

Still further, as explained in the embodiment (5) 
for calculation of the sending time, when each 
parameter is normalized in such a manner that the 
addition rate of the counter becomes "1", it is 
possible to simplify a calculation circuit of the 
sending time. 

Still further, as explained in the embodiment (a) 
for management of the sending order, it is possible to 
easily realize contention control by managing the 
sending order in the form of the pointer link. 

Still further, as explained in the embodiment (b) 
for management of the sending order, it is possible to 
reduce times of comparing steps used for sorting by 
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sorting and managing the sending order in a plurality 
of time zones. 

Still further, as explained in the embodiment (c) 
for management of the sending order, when the system is 
structured in such a manner that the packets having the 
sending time larger than a predetermined value are 
temporarily stored separately from the memory for 
sorting, so that it is possible to reduce the memory 
capacity. 

Still further, as explained in the embodiment (d) 
for management of the sending order, it is possible to 
weaken the influence of contention for the packet 
required for high-quality by structuring the system so 
as to provide the priority order to the link 
information of the packet to be sorted. 

Still further, as explained in the embodiment (e) 
for management of the sending order, it is possible to 
weaken the fluctuation of delay at the contention, by 
structuring the system so as to attach the packet 
length information to the link information of the 
packet to be stored, and to preferentially handle the 
short packet length. 



